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Abstract : In this study, the unsteady aerodynamics of a knuckle ball in soccer were investigated. The
characteristics of the fluid force, i.e. the magnitude and frequency acting on the knuckle ball, were ana-
lyzed through comparison with those of the straight ball using high-speed video cameras. Furthermore,
the fluid flow around the knuckleball in flight was visualized using a smoke agent (titanium tetrachlo-
ride), and an attempt was made to clarify the fundamental fluid mechanics expressed by the knuckle ball
as well as to analyze the vortex dynamics. It was found that the vertical acceleration of the knuckle ball
tended to vary greatly (oscillate) in comparison with the acceleration of a straight ball, despite the fact
that both are influenced by gravity. Moreover, in the case of the knuckle ball, the peak value of the vor-
tex lift reached approximately 2.0 N, which was larger than the value of approximately 0.5 N for an in-
step kick. This vortex lift fluctuated greatly with time and was thought to be a highly unstable
phenomenon. When the large-scale vortex structure of the knuckle ball was studied, successively shed
vortex loops transformed and merged, and a few massive vortices formed an extended vortex street
structure. Moreover, when the vertical fluctuation along the wake axis of the large-scale vortex structure
was studied, evidence of unsteady wave oscillation (undulation) was observed. This large-scale struc-
ture of the far wake was conjectured to indicate traces of vortex motion at the time of vortex shedding,
and the effect of this motion was thought to have a direct influence on the motion of the ball. Further-
more, the knuckle ball was observed to have an average vortex lift force frequency of approximately 3.5
Hz. A comparison of this vortex lift frequency and a vortex oscillation frequency indicated that these fre-
quencies tended to act in unison with a high statistical correlation (r=0.83, p<0.01). Thus, it is consi-
dered that the oscillation of the large-scale vortex structures of the knuckle ball was the fundamental
mechanism responsible for creating the fluctuating forces acting on the knuckle ball.
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LIBED Cpid, 0.3FEOfE TIHHIT HIC e A A
waRL7z. F7z, Carré et al. (2004) 1%, 1/3A
F—=IVDIZF 2Ty N—R—) (32—
INFIEAT) wHCCTRIAERE T,
iR, ROEERT 5y h—R—ILDZE I RE %t
L7z, EEERRFO Cp i, Re 5 9x104 22 51.3
X105 1B\ 05 H0.2IC2BcHd LTk
D, TOR=IVOEFERV A JIVAB (Reyi) 13

1.3x105 (9m/s) TH5 LK N/, Bk
D CLIE, RIZHT HEKFMLRA LN, ReH9
x 104 O — A TlL, W~ F AJ) (anegative
Magnus force) BMEHZEIN/z. Re A HEHIE W
1.7x10° 2.1 x10° O — A TiL, Sp O
N Cp b RTBEAZR L. iz, EFR
RBIC B A R, ROEEES 5 v h—R—
DOIFEZE T G 572, TIVATr—ILD
R—iba W7ol AER 2 FE S N7z (Asal et
al.,, 2007). ZOf5R, WEMEFFCKST AL A/
WA E TR BOMRE A5 &, AR
Bi3#90.43, BERAIREITM0.15% R L,

2002 ARIR (7 4 —/3 /%) L 20044 24 KBk
(mF 4 1m) 1382.2x105 20064 ARER (75
AF—AHAAE) [F#3.0x 105 BEEHR LV A/
WA (Reyy) ThhHEEZOLNI. Tz, [H
BN —VIC BT 5 EBR T, R—IVEERRED Cp
(IHD THR\ Sp IR D A Z &, Sp g
BILFE-> TCp bEMAICHEINT A &, Sp»
HINT 218> T CL PR ARICH NG 5
LRz,

L2L, IhH—#HOMRL, HETEEL
7o HARRBIC 00 % RFRETE 3 22 7 (R B0 % 5,
WETHTEDPLER->TED, IEEFIRED
ZENRE TR L2 DRIT EAEEN. L
b, BRYy H—Tld, bR E /-3 KEER TR
B 5Ty h—R—=IUTEB T, TR 2
LD, BN T AEEEHSES [y o
JVAR—)V] &L THEH SN (Asai et al., 2008),
ZDANZALDRWPHPRD LN TS, D
[y Z7)VR—=)V] T, Fv 7BEEKDH1/100
s IC#IEIREED 520-30 m /s N &R — LA & BIC
RS2 EiF—DAF LV —FR—ILVERET

BAHD, DK, BRI L > TEEEL L5
THANCELT 5 & D, —#EOEENB S %
RL, REMICIEEE LN PTTR L 5.
Z CTARMETIE, EBRICF v 7 SNRAIT 5
Ty ZIVIR—=IVICEB AT DR %, &
MUTFANASTHERCTOML, COIFEHES
I OWTHRE Lz, &BIC, R 5T v 7
WWIR—IVR D OYifh%, REWE (WELF 2 )
EROWTCARAL, TOWMBELSH$ 5 &k
2, F v ZVIR— IV RBL I B IR T I IRERE A
HZALCZOWTHLPICL XD & LT
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1. FEEEENEFHR

R—IVED B2 GHin, EXhaBEd 5L
SICBL AT, EHEARRETER EOHE
TEHChAMMENDELRLDEEZ OGNS, ES)
FFFEBER E L TE 2 ONDED, i EZ O
HIHFRA N AL, a5 & ERHCHT
NEMHALL TR T5Z LD, EDHOTEET
# % (Achenbach, 1972). #* Z TABIZETIZ,
ERRIZ R — )& F 7 S&Z OB A 514
% E RS, BEWE R —IVRmICEAL,
R—IVE D DZEZ N & HALL /-

WL (Foh—) 13, Fv 7 BB RS
WEEZONDLKRET  N—EBFIHEAFRE
L, (XFEMEE, IEEEROR—)L (Fv 7
R—IV) & EEHEHRFELORT OOFH120K, T—)L
ICWp o THFy 7387 oiradgEiE, vy
N —HERRIOFEL EOREEIHADBEL
T, T 7 UV LT 27 FRBEZICHEE SR,
POT—IVIEEICRHFIL /2 £ F 2 b/ E10
ARb Ll s, KPFIEL T v 7 IVR—IL & 58
WEE LIichbDR)n, TOREEEER LT,
AVATF 9 THE 9 IICEABAF V—FR—=)L% 3
KRN L 72. Y v H—T—)VIEHI25 m D
BICR—=ILEFHIEL TV —AL, ZOM} 4m
O SIZEEY FAH A5 (1000 fps) & #E &%
VFAHhAS (300fps) D2EHEEY Y ML, %&
Apiewmp L/ (Fig. 1). BEEET A AT
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Fig. 1 Setup of experiment.

i, RELEICELR—L EBOXHOME, T
BEHBEL, &0, BEABE RGEPES
(1024 x 1024 pixel) FHEE T A H A 5 OG22
5, &ER—IVOBEEREERE RO/ BT LV VY
DOFREDN BRI T TOR—=IVOZED, T—
W —R—IC R ERFE L RITT EHEEI NS 72
O, EEUETA N AT OEAT R — VO F ik
DHBERFRLE L. /5T, A5G
i, R—VEEE OB LO [T 2 Rous %
ThbH. £z, AERIT, BATOT =V FE
BCh b, BARMOMEBIARTHTHS. H
RIMOYBA /NS F 5720, REIm L FO
RECTEREYy 7 v 7L, WTRERR YD AR
BIE > TWBH AL I VT TERE T 72 A&
H1ImIZB W TR—IVPZT AP 0IE3#0.1N L
TThriEEINST 25 (Carré et al.,
2002; Asai et al., 2007), HARMLEERDOH
T, PUNCE 2 BB IR S W S S h
7z,
SHREBRIL, A5V VY AOKRFNELE
BARBRTH D, Z Y EEEL KD SIS
L, ZTOERAEBRETHIEDPRARTHS. £
CTCTARMIETIE, VVAEBATRET A/, &
ASHIESE (KK - &R, 1996) I X5 VA
EAMMELHEAL, FEUROELGHIEARZAT >
7o AMFETRHWAVV AEAGIE T ¢ )V 2 —{#
I, BoEBE TS &, UV AEBADNE
INTWABZ g n»s (Fig. 2). 7z, K&
BTy, BON/hLEEEIC 2 M A% 1T
D720, MEBROBENEDLOTEETHA.

Fig. 2 Lens distortion calibration system using point
correspondences (a: beforecalibration, b: after-
calibration, calibrationerror<5%).
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Fig. 3 Vertical acceleration in a free fall experiment
using a soccer ball.

FIT, ERBEOT YA Rk, KERE
MDY v b7 v T TR—IVOBh%E TEREE
ML, ZOBGErOELNAEIINEELHEHL
THEmE L7z (Fig. 3). ARtV A5 L% H
WTT VXA AL 7B IIEEONF¥EIL9.7 m/
2 THhY, EEERNMEE (9.8m/s?) T4
—HUI L7xp o 72, % FICxh4 5225 %%
E2 5 &, FHIARFANTH A L¥Ksh, L
BOGMICKRY AT LB W, T4 AN
TEEEE L O, 1M, RO 2 21T\
IR—IVOME, MEEZEH L. OB, H#
MBI LTV AR A RADOEE RS &
%723, 1000 fps OHE Tk SN 7ML %125
fps~N&EXT T VT YT LT BT, D
O—F—X%h5bER—IVOBIE L L TEEZIC
SWERHED /) A APBEINT-DT, TNk
T A D&M Ic O — 27 b2 — (55
BEITY) AdEAL 7.

T/, B—=NAT 4 VA —DREBF T 57
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Fig. 4 An example of effect on lowpass filter in this
experiment.

O, 0B»503BDOILT—4 & —0.18750.3%
ETCOTF— 2R OBL504F % CoOF—HIC
FRROMI % L /o8& & & kg L 7- (Fig. 4).
FORR, TTF—% 0BH»503%) OfkEms
(#0.01%) 1L T3.9%, LT — X DRAK A
(#70.23%) 1T L ClL.O% DA R, &fF
¥ (0#H5038) TLOYOBRER KL, L
oz Epn, KFETHWCZT 4 VR —D#EX
5% UNICESL EE2HN, DEOT—X
BRI FH .

R—IV B 3IRTCZEMEBRH L, £OELEDY
OB E R+ ABE (R—IVOEHTIEEL
W), 6HHEOEBZE 2 20LERDSH. &
72, W=V RUOHIE 3 kotnyiEH) (Seo et al,
2007) THY, ZOEBPBEIN TS, L
L, AEETIIHR—IV2MICBY 4 % ARy 7
Bhoird A7, fEPLOMB LY 2 Kot
DHTEAT -7 Lo T, AFRICET 52BN
FERERIE, R—IVIEW T — VKI5 % x R
LW RIE, ZOMBEIT ALYy EEEL BT
#IE s EFZEL /2 (Fig. 5). =IO x HANICH
T HMEE % a,, y FFRNCE S 2 I & % a, &
L, R=IVORP GBI 508% 0 &5
&, A= oEEHEATR (D) &RQ) 5.

D=-m((a,+g) sin 6+a,cos 0) (1)
L=m((a,+g) cos §—a,sin 6) (2)

I

>
2> X

Fig. 5 Definition of aerodynamic forces and the coor-
dinate system used in this study.

2T, Dl L3, UdR—dEeE,
miZR—IVEER, gI3EIIEE %R
R—IVIC@< 5101, RUEING, EHEERIC
B AR—IVOMEE %KD/, A(1) &K
Q)EHVWTEH L. £/, KERICKIT A
M=V, AT BB, T MEER Tldx <
IR S RSB Sz, FOMEEERE IR
ETHEBTEET L0, RV EEET VXA
AL CHEEEREHBLZ LICkD, AV VRS A—
2z (Sp) k¥ (K (7)), Carré et al. (2002) 5
DEE AT F 2T (M) #HH L. %
LT, BHPoxT7FANEELFIKZEICkK
D, TOXTFANUNOEIZ &5 1% mE5
(Ly) &L TRD/ (R(8)). RFEBRTHHEL /2
22, A3, @), GIIRT I DITH DR
] (Cp), BIRE (Cp), <7 FATRE (Cy)
LLTEWRL. %72, WO HICAT SIEE
TR B I AR EE E L CTA P E— b
(St wkDdA (KO)). 6, Bohic
B, FEA LD — AT S0P iREINEIY
R L TR, NOVY—7hbROY— 7 O]
T A IC kD, KE— FOBIEAERK
(fry) wRDI-.
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CM= M

N (5)
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2pUA

ZCT, pRZEKOEET, p=12kg/m3, Uit
Wk, AZY v h—FR—IVOFFHET, A=n
x0.112=0.038 m? & | /=.

Re=Ud/v (6)

ZIT, VA JIVAE (Re) 3, T &R
NEDWTERINIERLHTHY, Ul
W, diZR—IVER, v B LBk R
(m?/s) %7,

Sp=wR/U (7)

CCT, ABUNRS A—x (Sp) 1T, H&E
BEREORT, ol 3AmEE, RITKR—VFEE, U
(Y TBL RN

L=M+Ly (8)
St=nd|U 9)

ZIT, AbtBa—=suE (St) &, WEO®%)
WA U BIEEH IR IR A AT TH Y,
n \XRBWEE, dITR—IVER, URRExZRT.

2. FEEEFEB/OFRL
KL TSy H—HR—IVA Y ORG
NEAALLURE S 5700, REWE (el
2) e R—)VICHE B L CERBE & 1T - /2.
AR, REWE BT EEBROTFIET
B5.

1. Yy h—=R—IVICREWE Y7 5 TlhE
BRSBTS,

2. Yy I—R—IVEFEDLINCES .

3. Yy h—d—J)VICAr->TFv 7T 5.

4. Ty H—R—=)ILBRT—)VIZH > THRE
L, R—=IVOR D OFEPRLIIE U 7z
FREWE N SHABIC L - TN 5.

5. BT AN ASTRET 5.

6. R—VEEIRLT7Y—VT v /95,

AR k> TELNW\INE, 1FEAED

Fig. 6 Flow visualization of vortex street behind the
real flight of the soccer ball (Flow is from left to
right).

= AT L micREE I 7R L C\/z (Fig.
6). WIEERBEEL, B—IUBFHE AR AR
0.4% I O & ik v AL H {5 % FC, EpEE
(Streak line) (Zdsi H#EKuG (R—IVR A M)
LASY D BN 7 e O i R PR AL B (RRKH )
&/ NEEERALE (NS % 7V 7 A AL 724k,
R—IVBEEE ) HRD/-. T T C, Streak line
L, BAMS L GHERL TERO N L —Y—%
BALISEOBD AN ENZEND F L —Y—
DETET AALE B/ xR~ g

ks, REYEIC R LT X i, AL
KEwFET HAREME LD 5 72O D PNTHER
DLETH 5.

I BREUEE

1. Ty 7 IUKR—LOZEAL, RE, IERE
ML v Y DOBEIC T BT v 7 IR — L D%
(LB (FEEER23 m/s) 1, £ /n iR &R
LTw% (Fig. 7-a). J v 7 JVIR—IVOZEAIT,
FALDWEA KR E W2, HEFREF EE 2 5nb
BRIz Eio, A VAT TF v 7ICEBA
FU—FR—=IVOERMH FEEF26m/s) &
RS 5 L, F v 7 VR—IVOFBRBFEICHETE
EBKRENEDICAHRZD. T OREOIRE ] AHE
HHET AL, Fv ZIVR—IVOFRAF L —F
P—IL EHEEL T, BPICTFHAOEERK E
o CWB T NG D (Fig. 7-b). Z L Thn
HME LW 5 &, F v 7 IVR—IVOIEE LA
b L — P R—IVOIGEEE & i L C, EHOPE
TTHHICLEADLLY, KESLNL RE) LT
WBHZ s, A (Fig. 7-c). T OfEmMIL, fib
DF v 7 IVIR—)VOREIC b FERICBZE S N/,
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Fig. 7 Anexample of displacement, velocity and acceleration in a knuckle-ball and a normal straight ball.

C OMEEOIREBIS, BRI FAAHRE) &
25 0h, FNRAGEFISIVEE L E 26N,
D CTIFEFHEOM AR TH L L FE 2 DN,

2. FTvTLR=ILOHALEN

KERITK T HF v 7 VIR—IEIOH T (D)
LWE (Ly) AL E, AFLV—FFy 70
ICRT BP0 S WIB TN, IHIR & < EH)
LTW5Z LMy hs (Fig. 8). BEIIERICEK

A MEERY o H—TR—IL DL A JIVAE LT
BB OBIRAE A5 & (Asai et al., 2007), HEfEH
PUEREUE#90.43, #BEE R P REUIE#H0.15% 7R
L, 20064 AREK (759 AF—LHAAF) &
H3.0x 105 BEER LV A VA (Reyiy) ThH5H
@A IN TS, L, ZHUdSKEBREIRICE
EL72R—=IVD, BHRERET 5H0% —ERF
BPEFHLETH D, FEFREOP N TITEL
LEE A RS REE D B . KERICKIT 5 Cp
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1359016 TH D, KRIZEBIHH DD, FHd
% & JRIRERRIC 513 5Bl R R B D #90.151C
FVMETH - 7.

F v ZIVIR—IVEIOWRB T T, E— 7 @3
2N b5 TED, ALV —FR=UVENCHT S
BH I —7EO#05N kDK E/flisRxL T
W, COBITEREICH L TRELSLHLTE

—e— Knuckle ball (Liv)
—a— Knuckle ball (D)
g —O— Straight ball (Lv)
1= Straight ball (D)

Force (N)
o
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Fig. 8 An example of vortex lift force and drag force
acting on a knuckle-ball and a normal straight
ball.

D, MO CIEEFEEOECELTHS LEZ LN
L. COMBHEEEICLE<7F AT (M)
) (L) »OHRUCEHIEEORT (Ly) Th
D, R=IVOEFEUSNOBERIC K S HERL T
HeEZONS., ZLT, TOF v 7 IIR—)IC
B A B OK EABEADL, hORFICD
FRRICA BN, @B HOTFHEIX1.84 N (S.D.=
0.46) THo7z. KRERTFHUMSNIIZF v 7V
R—= D Cp 1%, IFEFEHIOFHE (1.84 N)
PrHEE KU@) +528018THH, A VA
FvTFYITDOANV—FR=IBNCET S Cy
DFJ0.04 L D K& 7x{E% "L 7z (Table 1).

3. T IILR—ILDBENRE

LS NI R—IVED NIC BT 25RO
HgE s CR—IVEREORND R 28R —L
K OHtn 2 SaFEEa 2 vo) 13, 75
IZ T 5 ETTHAD LB TICHEZE SN, Asai
et al. (2007) DA & FFEOMER %7~ L T
ZOHBERE R O HBAICTEA IV — AR
HInTEH, R—IVEEZOW (near wake) i,

Table 1 Reynolds number (Re), peak vortex lift force (Ly), spin parameter (Sp), coefficient of Magnus force (Cy),
frequency of vortex lift force (fy) and frequency of vortex street (fys). (A~]J: knuckle-ball, K~L: normal

straight ball).

Trial Re Ly(Max) CL Sp Cyr fov(Hz) frvs(Hz)
A 3.03 x10° 1.83 0.23 0.034 0.027 4.54 5.55
B 3.03 x 105 1.47 0.19 0.027 0.022 3.84 3.33
C 3.33x10° 1.44 0.15 0.023 0.018 3.12 3.33
D 3.33x10° 1.10 0.11 0.026 0.021 3.84 3.84
E 3.48 x 105 2.06 0.20 0.015 0.012 2.50 2.77
F 3.48x10° 2.26 0.22 0.027 0.021 2.38 2.94
G 3.64 x10° 1.78 0.16 0.037 0.03 4.16 3.57
H 3.79 x 105 1.77 0.14 0.038 0.031 2.77 3.12
I 3.94 x 105 2.26 0.17 0.027 0.022 4.54 5.55
J 4.24 x 105 2.67 0.17 0.016 0.012 3.57 3.12

Mean 3.52x10° 1.84 0.18 0.027 0.022 3.53 3.76

(S.D.) (0.38x105) (0.46) (0.03) (0.008) (0.006) (0.80) (0.99)
K 3.79 x 105 0.45 0.04 0.069 0.056 1.38 1.25
L 4.24 x 105 0.62 0.04 0.074 0.059 1.25 1.50

Mean 4.01x10° 0.53 0.04 0.071 0.057 1.31 1.37

(S.D.) (0.31x10°) (0.12) (0.00) (0.003) (0.002) (0.09) (0.17)
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Fig. 9 Comparison of vortex street of a knuckle-ball(a) with that of a normal straight ball(b). A large-
scale undulation of vortex street is observed in the case of the knuckle-ball.

FTEIEEL eh b RBEOMMOWE & B\ I T
LEBLTWAH I ERBEIN. iz, TOm
R 1 3R — VTR IR U T FIERFRIC 75 -
TWABHEBDBA LN, BL A JIVARICBIT %
SEFER OIS IC oW T, BIRSERICKS W TE
B OGAEDIEH SN TR D (Taneda, 1978),
Yo W —R—)LV b FEROTESE, 5 WIEEAL
BEREEAY R IRt DS EEZ BN, L
L, IFEFHRROMMBESE % 3 RITHICRIE T
L2 EIIMOTHETH Y, ZOFMEEFITS
BOBEBRLFEO—DOTH 5.

REBRDO M A2 T SKBUEE (Large scale)
miEE (EAEARG, 04K ETErate
RIEREE (far wake)) A A% &, HEICHK
HWehs@B2El, ahL, W 2rOBEMIRO
IR D7 - 7= a7 R (Royer et al., 2009) &
755 Tz (Fig. 9). BUREERIC 1 % FirEk
DORBBEFEE L, Re 752.4x 104 TIAHIM O
1=EEE (progressive wake motion) #7159 723,
Re 736.0 X 10° Tid, #uftlh~7 mic o L 72 E
MRS LRI LHE SN TS (Taneda,
1978). v A —iR—)l & PR EROTZRIE WD
BBHH, RERICET 5T v 7 IVR—VIE, Z0D
PRI ABBEBE 2R L Cnb EFE2BNS. &
BIZ, F v ZIVIR—IVDIEALE E TE O T KB
HEOBRIHNCT 5 E T E® 45 &, THAI
WCIEE) (500) L TWAEMABZEINhS. &
DORBPERELZ D> 20 (Large scale undulation)
3, MR B0 2 EEE ORB AR L T\ 5%

LHEBI SN, COMEBORIERII R —IL O
IO, EERELE2LLE2DND. TOKREE
BT BT WOIEE, J v 7 VIR—IVEHTIE
BRZICEE SN AR, ARV —FR—IUEITIN
W\ A A BN (Fig.9). ThbH6DT &h
5, F v ZIVIR—IV RO KBS OIRE)
5, R—IVIC 8 < BRI ) % A A H 3 FEEE ) A
NEZALD—DTHAEEZOLNA.

4. EE— FOBBNEAREE BIREE KK

Ty ZIVIR— VO RFRES & iiRE) OBy RE 7
e ThaBE (Fig. 10-a), R—)ILOTRAH
BRI B R L Ol SNl IEE L T\ A 2 &R
S5 (Fig. 10-b). O KB (large scale)
TRIRENHLES & TR —IVELRIE 20 > T A7, @O
TREIEIY & R — VI B 7@ i, 6o
R A A BN (Fig. 10¢). LT, C
DEENIBO T v 7 IVBR—IVIZ S FERRICBZE SN
7o Eio, B TIRIEEEL & EIRED R A Mg
LE, TORBERPEEL TWLEMAA LN
(Table 1), #atmic b Em\WHEE (r=0.83,p<
0.01) AN/ (Fig. 11). U EDOZ &nb,
F v ZIVR—IVICE < RHRBIZe #5018, KHE .
TIEE A AE RO —2Il/k->T\W5EEZ2D
ns.

Wik OB INTA T HIEEE Rk I3 5 iR
BRI, |MACETH A A O—/ IV (SD)
LBGRBENC RSN TS (Achenbach,
1974). SEYEERD Stid, Re 738.0x10* D4,



F o N—DOF v 7 IViIR—IVIC BT AIEERFRAES 561

Force (N)

0.1 0.15 0.2
Time (s)

Fig. 10 Relation between large-scale undulation of vortex street (a & b) with vortex lift force (¢c) in real
flight of a soccer ball. Ball trajectory using a stroboscopic technique (a) and a digital technique

(b) (Flow is from right to left).
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Fig. 11 Correlation between frequency of the vortex
force (fyz) and vortex street (fys).

INATE—F Tidf2.0, AL Re O —Et—F Tk
0.2+ X Twb (Sakamoto and Haniu,
1995). AR TEHES N7 KRB 72 1 i U T
F¥ I35 Hz R L, TNEWEAREE—F
D—D AL THET S L, StIZ0.03RE &
A, CTOfEE, FEBKOom—T—F0.2X
0, =M <IEWEZRLTED, FEREY Y
N—=R—=IVOBIROENID S DD, ¥y H—
R—=IVIZiE, "AE—FE—E—FLDIBHIC

By, A—N—TO—FE—F L4 EINE SENE
T LN EZONS. REBRTHWIL 728
73, BOWIRE O APEEIL, FHAT w5 7 5
B OBIR T, EAEEBICRES N T\, KR
F 7 R 2 R DWW T O OMENE S
N7z, WD 3 RICHERS L B/ S\ ik &
(eddy), BAFEORET— FICEL T AWk
HD%L, SHOKELFETH 5.

Vv = #

AR TIE, FBICFy 7 ShRET5F 97
VR —IVIZ < AR T 2 DR Z, @Ev T
FHASHEANTHWL, ZOIEEH R
OWTHE L7z, 361, BATSF v 7 ILR—
VD Olitk%, FEWE (el 2v) ©H
WCHBL L, ZORBIRER S+ L3, S
v ZIVIR—IV IR RBL§ B AR TR ERE A = A
LZOWTHLNIZL LD &L BREALTIC
BT 5.

1) Fo ZNVER—VoOETHRAMEEIZAF

U—FR—IVOIEE & gL €, EHOME

TTHHICLEbL, kESLML RE) L
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TWAEHAMAPA LN,

2) Fy VRV EIORE I TIE, E—2E
MRI2ZON 70> TED, AFL—FHR—ILH
BT HIEBIE—7EDOFK05N LD K&k
xR 7. COWmMBINIRERNCR L TR EL
ZELTHY, MO TIFEEEEOE L TH
HEEZHN.

3) Ty NR—ILORKBBERESEEAS L,
IR SN ABARIV—TWHREW, &
EL, WL OrDOEIRROTERH 7% > 721851
Rk & 7n > Tz,

4) F v ZIVR—IVOKBBEBBEE IS 5%
FENCW 5 B FE# A A DL L, NHANCIRE)
(20D) LTWAEHABEI N/, 20K
BRSO S5 101, WBEHERIC 0 5 f:EE)
DEPEZRL TWA EHERIS N, COMEFDOK
FRIER—IVOEBC, BEEgEr 52 5%
Zbhni:.

5) F v ZIVR—IVICEBT 5 iSRRI F
YWTHSS5Hz R L, RIRE) U $ & i &
BHE, TORBEESBEEL TR0, EOiEER
AbNn7: (r=0.83, p<0.01).

6) T v ZIVIR—IV LR O KBRS OIRE)
7y, TR— VI8 < AELRN 7% 77 % 2 A 3 SERE Y
ANZALD—DTH5HEEZ LN,

B O
RFFEOBEITICH 72D, FBKRFRF BN
Aﬂ%ﬁ FrOFM IERES A, LR, 7x
CICHRE Y IVRFO IR E, BEHEE
i@%<@f%§-i%§%@bibt.®i©
BB L LT Ed. Fo, EFRICHIL Tk
WP R BERI O T D7 21T b T < &
L EFES.
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